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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ink-jet 
recording head having a higher driving efficiency by 
reducing the flexible deformation constraint of a driving 
part by an electrode pad part while taking advantage of 
the high driving efficiency by using a pressure chamber 
having a planar shape and an aspect ratio substantially 
equal to one. 

SOLUTION: This head comprises a plurality of nozzles 
for ejecting ink droplets, pressure chambers having at 
least one surface of the wall surface formed as a 
vibrating plate, communicating with each nozzle, 
provided independently, actuators each bonded with the 
vibrating plates, and an ink supply source for supplying 
an ink to the pressure chambers via a supply path. Each 
of the pressure chamber has a planer shape and an aspect ration substantially equal to one. 
The actuators comprise a driving part provided in an area corresponding to the pressure 
chambers so as to be flexible deformed with the vibrating plates at the time of application of a 
driving signal, an electrode pad part provided in an area corresponding to the side wall of the 
pressure chambers for electric connection with a driving signal source, and a bridge part for 
connecting the driving part and the electrode pad part, with the width size of the bridge part in 
the connection area part to the driving part is made smaller than the width size of the 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is open for free passage for two or more nozzle and said each nozzle for carrying out the 
regurgitation of the ink droplet, and is arranged separately. The pressure room of a wall surface in which 
the whole surface was formed as a diaphragm at least, It has the actuator joined to said diaphragm, 
respectively, and the ink source of supply which supplies ink to said pressure room through a supply 
way. The mechanical component which said actuator is arranged in the field equivalent to said pressure 
room, and bends and deforms with said diaphragm at the time of driving signal impression, The 
electrode pad section which is arranged in the field equivalent to the side attachment wall of said 
pressure room, and performs electrical connection with the source of a driving signal, It is the ink jet 
type recording head which the bridge section which connects said mechanical component and said 
electrode pad section comes to constitute. It is the ink jet type recording head to which it has the flat- 
surface configuration where the aspect ratio of said pressure room is equal to abbreviation 1 , and is 
characterized by said bridge section having a width method smaller than the width method of connection 
**** of said mechanical component in the connection field section to said mechanical component. 
[Claim 2] The ink jet type recording head according to claim 1 whose flat-surface configuration of said 
pressure room is an approximate circle form. 

[Claim 3] The ink jet type recording head according to claim 1 whose flat-surface configuration of said 
pressure room is an abbreviation regular polygon. 

[Claim 4] An ink jet type recording head given in any 1 term of claims 1-3 to which the width method in 
the connection field section to said mechanical component of said bridge section is characterized by 
being 1/2 or less [ of the width method of connection **** of said mechanical component ]. 
[Claim 5] An ink jet type recording head given in any 1 term of claims 1-4 characterized by connecting 
said one or more bridge sections with said mechanical component in a part [ / near / small / the part of 
deflection deformation of said diaphragm ]. 

[Claim 6] An ink jet type recording head given in any 1 term of claims 1-5 which the flat-surface 
configuration of said pressure room is an abbreviation regular polygon, and are characterized by 
connecting said one or more bridge sections with said mechanical component in the part distant from the 
core of the connection field side of said mechanical component. 

[Claim 7] An ink jet type recording head given in any 1 term of claims 1-6 which the flat-surface 
configuration of said pressure room is an abbreviation regular polygon, and are characterized by 
connecting said one or more bridge sections with said mechanical component in a part [ / near the flat- 
surface configuration top-most vertices of said pressure room ]. 

[Claim 8] An ink jet type recording head given in any 1 term of claims 1-7 characterized by forming the 
edge of the connection field section with said mechanical component of said bridge section in a curve. 
[Claim 9] An ink jet type recording head given in any 1 term of claims 1-8 characterized by arranging 
said mechanical component only in the field equivalent to said pressure room. 

[Claim 10] When it is an ink jet type recording head given in any 1 term of claims 1-9 and width of face 
of the flat-surface configuration of Wp and said pressure room is set [ the amount of location gaps of the 
center position of said pressure room, and the center position of said mechanical component ] to Wc for 
the width of face of delta and the flat-surface configuration of said mechanical component, Wp is 
Wp<=Wc-2delta or W c+2. Inkjet type recording head characterized by making it the range of 
delta<=Wp. 

[Claim 1 1] Said Wp is x(Wc-2 delta) 0.9 <=Wp<=Wc -2. Inkjet type recording head according to claim 
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1 0 characterized by being in the range of delta. 

[Claim 12] An ink jet type recording head given in any 1 term of claims 1-11 characterized by arranging 
two or more nozzles two-dimensional. 

[Claim 13] The ink jet type recording head according to claim 12 to which two or more nozzles arranged 
at fixed spacing at the single tier are characterized by carrying out two or more trains arrangement. 
[Claim 14] It is the ink jet type recording head according to claim 13 to which N train arrangement of 
said nozzle arranged at fixed spacing at the single tier in the direction which carries out an abbreviation 
rectangular cross to the scanning direction of an ink jet type recording head is carried out in the 
abbreviation scanning direction, and, as for each nozzle train, the nozzle train of the following train is 
characterized by the thing of said fixed spacing which it shifts one by one in the direction of a train, and 
is arranged in it every [ N / 1/]. 

[Claim 15] The ink jet type recording head according to claim 14 characterized by arranging said nozzle 
train at equal intervals, and being arranged so that each nozzle may serve as a parallelogram grid 
intersection location. 

[Claim 16] An ink jet type recording head given in any 1 term of claims 1-15 characterized by arranging 
the wiring substrate containing a signal line so that said actuator may be covered, and electrical 
connection being carried out through a bump in said electrode pad section and said wiring substrate. 
[Claim 17] The ink jet type recording head according to claim 16 characterized by said bump consisting 
of jointing materials for corrugated fibreboard covered in the periphery section of conductive core 
material and this core material. 

[Claim 18] The ink jet type recording head according to claim 17 to which said core material is 
characterized by being formed in the shape of a semi-sphere. 

[Claim 19] An ink jet type recording head given in any 1 term of claims 16-18 to which said wiring 
substrate is characterized by being constituted including a resin base material at least. 
[Claim 20] Said actuator is an ink jet type recording head given in any 1 term of claims 1-19 which are 
the electrostrictive actuators which said mechanical component becomes by the piezoelectric device. 
[Claim 21] The ink jet type recording head according to claim 20 characterized by manufacturing said 
electrostrictive actuator with the application of the sandblasting method. 

[Claim 22] The ink jet type recording head according to claim 21 characterized by forming a dummy 
pattern in the rim section so that the electrostrictive actuator field where it comes to carry out two or 
more arrays of said electrostrictive actuator may be surrounded. 

[Claim 23] The ink jet type recording head according to claim 21 characterized by forming a dummy 
pattern between [ each ] said electrostrictive actuators in the interior of said electrostrictive actuator 
field. 

[Claim 24] The ink jet type recording head according to claim 22 characterized by forming a dummy 
pattern also between [ each ] said electrostrictive actuators in the interior of said electrostrictive actuator 
field. 

[Claim 25] An ink jet type recording head given in any 1 term of claims 22-24 characterized by making 
into abbreviation identitas all width of face of the slot which separates the dummy pattern which adjoins 
said electrostrictive actuator and it. 

[Claim 26] An ink jet type recording head given in any 1 term of claims 1-25 characterized by setting 
said Wc value as 300-700 micrometers. 

[Claim 27] An ink jet type recording head given in any 1 term of claims 20-26 characterized by the 
quality of the material of said electrostrictive actuator being the titanic-acid lead zirconate system 
ceramics. 

[Claim 28] An ink jet type recording head given in any 1 term of claims 20-27 characterized by setting 
the thickness of said electrostrictive actuator as 15-40 micrometers. 

[Claim 29] The manufacture approach of the ink jet type recording head which is the manufacture 
approach of manufacturing the ink jet type recording head of a publication in any 1 term of claims 1-28, 
and is characterized by processing said electrostrictive actuator by the sandblasting method. 
[Claim 30] The ink jet type recording device characterized by carrying and constituting the ink jet type 
recording head of a publication in any 1 term of claims 1-28. 



[Translation done.] 



http://ww4.ipdl.ncipi.go.jp/cgi^ 11/20/2006 



JP,2002-248765,A [DETAILED DESCRIPTION] 



Page 1 of 12 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ink jet type recording device using the ink jet type 
recording head and this which perform record of an alphabetic character or an image by the ink droplet 
which carries out the regurgitation. 
[0002] 

[Description of the Prior Art] An ink jet type recording head makes a main scanning direction carry out 
both-way migration of the head, making coincidence transport a record form etc. in the direction of 
vertical scanning which intersects perpendicularly with a main scanning direction, it is making an ink 
droplet breathe out alternatively from two or more nozzles, makes an ink droplet adhere to a record form 
etc., and prints an alphabetic character and an image. Drawing 1 9 -21 are drawing showing the 
configuration of the general ink jet type recording head in the conventional technique. A sectional view 
[ drawing 20 / drawing 19 concerning a decomposition perspective view / near the one pressure room ] 
and drawing 21 are the flat-surface perspective drawing of the principal part (an electrostrictive actuator 
and pressure room) further. As drawing 19 and drawing 20 show, an ink jet type recording head carries 
out the laminating of a nozzle plate 21, the supply way plate 22, the pressure room plate 23, and the 
diaphragm 4 one by one, and is constituted. By these plates and diaphragms, the supply way 1 1, the 
pressure room 2, and the ink passage that results in a nozzle 1 are formed from the ink pool 10. 
[0003] Specifically, two or more nozzles 1 an ink droplet carries out [ nozzles ] the regurgitation to a 
nozzle plate 21 are penetrated and formed at the single tier. The supply way 1 1 which connects the 
pressure room 2 and the ink pool 10 with the supply way plate 22, and the free passage hole 12 which 
connects a nozzle 1 with the pressure room 2 are penetrated and formed, respectively, the ink pool 1 0 
single on the pressure room plate 23, and a nozzle 1 — it is alike, respectively, and the corresponding 
pressure room 2 is penetrated and formed, a diaphragm 4 — the pressure room 2 - it is alike, 
respectively, and it corresponds and the electrostrictive actuator 5 is joined through electroconductive 
glue. An electrode layer is prepared in both sides of each electrostrictive actuator 5, and the electrode 
layer by the side of a free surface functions as an individual electrode 9. The diaphragm 4 which consists 
of a metallic material serves as the common electrode of each electrostrictive actuator 5. 
[0004] As shown in drawing 20 drawing 21 , an electrostrictive actuator 5 is formed in tabular [ of 
constant width ], and consists of a mechanical component 6 and the electrode pad section 7. A 
mechanical component 6 is located in the field corresponding to the pressure room 2, and the electrode 
pad section 7 is located in the field corresponding to the side attachment wall 3 of a pressure room. 
[0005] Electrical connection (not shown) from the external drive circuit section to the individual 
electrode 9 is performed in the electrode pad section 7. If the potential difference is impressed as a 
driving signal between the two electrodes (the individual electrode 9 and diaphragm 4) of an 
electrostrictive actuator 5, the mechanical component 6 of an electrostrictive actuator 5 and the 
diaphragm 4 of the field corresponding to it will bend and deform into one, the ink in the pressure room 
2 will be compressed, and an ink droplet will carry out the regurgitation from a nozzle 1 . In addition, the 
volume of the ink droplet which carries out the regurgitation also becomes possible [ enlarging ], so that 
deflection deformation is large. A supplement of ink after carrying out the regurgitation is performed by 
being re-filled up from the ink pool 10 to the pressure room 2 via the supply way 1 1 . 
[0006] Thus, the advantage by forming the electrode pad section 7 in an electrostrictive actuator 5, and 
performing electrical connection to the individual electrode 9 in the electrode pad section 7 is a point 

http ://www4 . ipdL ncipi . go j p/cgi -bin/tran_web_cgi_ej j e 1 1 /20/2 006 



JP,2002-248765,A [DETAILED DESCRIPTION] 



Page 2 of 12 



that it is not necessary to prepare wiring in a mechanical component 6. Thereby, constraint of the 
deflection deformation at the time of the drive resulting from wiring and variation generating of 
deformation can be prevented. Moreover, as other merits of performing electrical connection in the 
electrode pad section, since the electrode pad section exists on the side attachment wall of a pressure 
room and its rigidity is high, even if the welding pressure in an electrical connection process is 
impressed, the electrode pad section does not destroy it. That is, the equipment destruction by the press 
deflection can be prevented. 

[0007] As shown in drawing 19 -21 , the flat-surface configuration of a pressure room where it has been 
used conventionally had the common rectangle. The reason is that it is the configuration with which both 
sides with demand of wanting to enlarge area by which a diaphragm is bent as much as possible (long 
side for a long time) are filled in order to secure the ink droplet volume which is needed for demand of 
wanting to narrow the pitch between nozzles as much as possible (shorter side shorter) in order to realize 
printing of high resolution, and printing of the resolution. The electrostrictive actuator is formed in the 
rectangle tabular of constant width according to the pressure room which is a flat-surface configuration 
rectangle. 

[0008] Thus, the ink jet type recording head of high resolution is realized with the simple configuration 

by using conventionally the pressure room whose flat-surface configuration is a rectangle. 

[0009] 

[Problem(s) to be Solved by the Invention] However, in recent years, a demand called improvement in 
the speed is also increasing to the ink jet type recording head. In order to realize improvement in the 
speed, the approach of increasing the number of nozzles is effective. This is because the number of the 
ink droplets (dot of an image) which can be formed in up to a record form increases to per unit time 
amount, so that it has many nozzles. 

[0010] However, only by increasing the number of nozzles, the size of the whole head also increases and 
the problem of head manufacturing-cost increase is caused. Therefore, in case the number of nozzles is 
made to increase, if it is important in a fixed head area how many nozzles can be arranged and it puts in 
another way, a nozzle consistency can be improved how or ** will become main technical problems. 
[001 1] Here, as for the occupancy plane area of each nozzle unit, the pressure room occupies the most. 
Therefore, in order to realize improvement in the nozzle consistency which is a technical problem, the 
plane area of a pressure room must be made small. Consequently, since the deflection deformation of a 
mechanical component fell, the ink droplet volume which carries out the regurgitation became small, 
and the concentration of an alphabetic character or an image was thin. 

[0012] that is, bending, even if it makes the plane area of a pressure room small, and enlarging 
deformation, if the essential technical problem for realizing improvement in the speed is summarized, 
i.e., making drive effectiveness per unit area high, — it can be said that it comes out. 
[0013] The purpose of this invention is to realize an ink jet type recording head with the high drive 
effectiveness per unit area. Moreover, other purposes of this invention are to realize the ink jet type 
recording head which dispersion in drive effectiveness does not generate, even when a location gap of an 
electrostrictive actuator occurs. Moreover, other purposes of this invention are highly precise, and 
reliable, and its process is simple and is to realize the ink jet type recording head which is low cost. 
[0014] 

[Means for Solving the Problem] So, in the invention in this application, in order to solve the above- 
mentioned technical problem, paying attention to the flat-surface configuration of a pressure room, the 
analysis investigation was conducted first. Drawing 4 is the result of investigating the deflection 
deformation at the time of preparing a diaphragm and an electrostrictive actuator in each about the 
pressure room which has a square flat- surface configuration supposing the pressure room of each 
configuration where the plane area is the same and aspect ratios (aspect ratio) differ, and making it drive. 
The situation of deflection deformation of an electrostrictive actuator was also doubled and carried in 
this drawing. Each configuration which is the characteristic an aspect ratio indicates the flakiness about 
the flat-surface configuration of a pressure room to be, and is specifically shown in drawing 3 here 
defines by aspect ratio =B/A. It means that it is such a long and slender flat-surface configuration that 
this numeric value is large. For example, in an equilateral triangle, it is [ at 1 and a forward hexagon ] 1 
with 0.866 and a square in 0.866 and a perfect circle, in addition, an analysis condition — pressure room 
plane area: - 2.5x10 to 7 m2, diaphragm thickness: 1 Omicrometer, this quality-of-the-material: stainless 
steel SUS304, electrostrictive actuator thickness: 3 Omicrometer, and this quality of the material :P the 
same (an electrode pad is not assumed) as that of ZT and an isomorphism-like:pressure room, and driver 
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voltage:30V — it comes out. 

[0015] The result shown in drawing 4 showed that it was optimal to set the aspect ratio of a pressure 
room to 1 , in order to set up the drive effectiveness per unit area highly. Based on this result, additional 
analysis was carried out about the case where an electrode pad is prepared in an electrostrictive actuator, 
supposing more practical structure. In addition, the electrode pad section of each configuration was 
prepared in the shorter side side in the flat-surface configuration of a pressure room. 
[0016] The result is shown in drawin g 5 . The result of drawing 4 was also doubled and carried for the 
comparison. The phenomenon in which drive effectiveness fell by having newly prepared the electrode 
pad from this drawing became clear. Moreover, depending on an aspect ratio, the structure especially 
with the aspect ratio nearer to 1 of the amount of falls is [ the amount of falls ] more remarkable. That is, 
when an electrode pad was prepared, the effectiveness of the improvement in drive effectiveness was 
understood that it is small, and the further device is required in order to acquire much more effectiveness 
only by the problem of the proper by making an aspect ratio into the configuration near 1 appearing, and 
carrying out near of the aspect ratio to 1 . 

[0017] It preceded considering the means and, first of all, the cause of the degradation by electrode pad 
addition was investigated. Drawing 4 and drawing 5 show that deformation is spoiled in a connection 
with the electrode pad section among mechanical components, when comparison observation of the 
situation of deflection deformation is carried out by **/nothing. [ of an electrode pad ] From this, it is 
thought that the cause of the degradation by electrode pad addition is because the electrode pad section 
is restraining the deformation by which a mechanical component should be bent freely essentially. With 
structure especially with the aspect ratio near 1 , since the cross section of the part which connects a 
mechanical component and the electrode pad section is large, it is more greatly influenced of constraint, 
and as a result, it is thought that the amount of degradation was remarkable. 

[0018] In order to realize improvement in drive effectiveness of per [ which is a technical problem ] unit 
area from the above results of an investigation, using the pressure room which has a flat-surface 
configuration with the aspect ratio near 1 , in addition to it, structure with little constraint by the electrode 
pad section is realized how, or it can be said that ** is the important point. 

[0019] The mechanical component which an actuator is arranged in the field equivalent to a pressure 
room, is bent by this invention with a diaphragm at the time of driving signal impression, and deforms in 
order to solve the above-mentioned technical problem, The electrode pad section which is arranged in 
the field equivalent to the side attachment wall of a pressure room, and performs electrical connection 
with the source of a driving signal, It is the ink jet type recording head which the bridge section which 
connects a mechanical component and the electrode pad section comes to constitute. It has the flat- 
surface configuration where the aspect ratio of a pressure room is equal to abbreviation 1 , and the bridge 
section is characterized by the width method in the connection field section to a mechanical component 
making it smaller than the width method of connection **** of a mechanical component. Since 
according to this invention constraint by the electrode pad section at the time of a mechanical component 
bending and deforming can be reduced and the fall of deflection deformation can be prevented, an ink jet 
type recording head with high drive effectiveness is realizable. 

[0020] Moreover, if the width method in the connection field section to the mechanical component of 
the bridge section makes it small to 1/2 or less [ of the width method of connection **** of a mechanical 
component ], it is suitable for this invention. Thus, since most constraint by the electrode pad section at 
the time of a mechanical component bending and deforming by making very small the plane-of-union 
product of a mechanical component and the electrode pad section can be canceled and the fall of 
deflection deformation can be prevented, an ink jet type recording head with high drive effectiveness is 
realizable. 

[0021] Moreover, this invention is characterized by connecting one or more bridge sections with the 
mechanical component in a part [ / near / small / the part of deflection deformation of a diaphragm ]. 
Moreover, it is characterized by connecting with a mechanical component in the location distant from 
the core of the connection field side of a mechanical component. Or it is characterized by connecting 
with a mechanical component in a part [ / near the top-most vertices of a pressure room ]. Since these 
locations are parts which a diaphragm hardly deforms originally, even if it establishes a bridge in the 
near and connects with a mechanical component, most effects to which the electrode pad section 
restrains deflection deformation of a mechanical component cannot be found, and it becomes possible to 
obtain big deflection deformation. Moreover, by considering as such a configuration, since the bending 
deformation of the bridge section itself is small, it becomes possible to prevent the crack initiation and 
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fatigue breaking of the bridge section by drive. 

[0022] In addition, it can constitute so that the edge of the connection field section with the mechanical 
component of the bridge section may serve as a curve. By this, the stress concentration near the 
connection part of the bridge section at the time of manufacture and drive deflection deformation is 
eased, and it becomes possible to prevent destruction of an actuator. In addition, it is good also 
considering the edge as a curve also about the connection parts of the bridge section and the electrode 
pad section. 

[0023] Moreover, for this invention, when width of face of the flat-surface configuration of Wp and a 
pressure room is set [ the amount of location gaps of the center position of a pressure room, and the 
center position of a mechanical component ] to Wc for the width of face of delta and the flat-surface 
configuration of a mechanical component, Wp is Wp<=Wc -2. delta or W c+2 It constitutes so that it 
may become the range of delta<=Wp. In addition, about each flat-surface configuration indicated to be 
Wc value to drawing 3 , it is equivalent to the value shown by A. Generally, the deflection deformation 
of a mechanical component receives big effect in the support condition of the periphery section. For 
example, although it becomes rotation free support, and is bent by structure (an actuator is smaller than a 
pressure room) which does not require an actuator for a pressure outdoor wall and deformation is greatly 
acquired with it, an actuator serves as fixed support with the structure concerning a pressure outdoor 
wall (an actuator is larger than a pressure room), and bends, and deformation is small. If the thing in the 
condition that a mechanical component starts a pressure outdoor wall by location gap of the 
electrostrictive actuator by turbulence of a production process, or the condition of not cutting is 
intermingled from this explanation, among them, it bends, and the difference of deformation will be 
large, namely, dispersion will become large. According to this invention, it is Wp<=Wc -2. Since a 
mechanical component will not start the outer wall of a pressure room even if it carries out a location 
gap in which direction whenever it is filling delta, a rotation free support condition can always be 
maintained. On the other hand, it is Wc+2. Since the drive outside periphery will have started the outer 
wall of a pressure room even if it carried out the location gap whenever it was filling delta<=Wp, a fixed 
support condition can always be maintained. Therefore, if which conditions are fulfilled, dispersion in 
the deflection deformation to a location gap will be small, therefore-izing of it can be carried out [ highly 
precise]. 

[0024] Moreover, at this invention, Wp is x(Wc-2 delta) 0.9 <=Wp<=Wc -2. It is more desirable if it is 
the range of delta. Even if it is the same rotation free support condition, if Wp is too small, it will bend 
to Wc, generally, since deformation area is small, it bends, deformation becomes small, even if Wp is 
too close conversely to Wc, a support condition becomes close to fixed support, it bends, and 
deformation becomes small. Namely, as for Wp, an optimum value exists to Wc. Since Wp can be set as 
an optimum value, while deflection deformation is made to max according to this invention, dispersion 
in the deflection deformation to a location gap of an electrostrictive actuator is small, and-izing of it can 
be carried out [ highly precise ]. 

[0025] Moreover, as for this invention, two or more nozzles are arranged two-dimensional. Moreover, 
two or more trains arrangement of two or more nozzles arranged at fixed spacing at the single tier is 
carried out. Only by arranging in one dimension, since a nozzle array pitch cannot be made smaller than 
the width of face of a pressure room, it cannot realize the ink jet type recording head of high resolution. 
However, according to this invention, a nozzle array pitch can be made smaller than the width of face of 
a pressure room, and the ink jet type recording head of high resolution can be realized. 
[0026] in two-dimensional arrangement, N train arrangement of the nozzle arranged at fixed spacing 
seriate in the direction which carries out an abbreviation rectangular cross to the scanning direction of an 
ink jet type recording head, for example is carried out in the abbreviation scanning direction, the nozzle 
train of the following train shifts each nozzle train one by one in the direction of a 1-/N [ every ] train of 
fixed spacing, and it is arranged. Moreover, each of that nozzle train may be arranged at equal intervals, 
and you may arrange so that each nozzle may serve as a parallelogram grid intersection location, nozzle 
spacing (nozzle array pitch) in the case of having arranged the nozzle in single dimension, if the nozzle 
was projected in the direction which intersects perpendicularly with a recording head scanning direction 
when it had arranged like this invention (refer to drawing 14 ) — comparing — spacing of 1-/N — the 
formation of a ** pitch — that is, it can high-resolution-ize. 

[0027] Moreover, it is characterized by arranging this invention so that the wiring substrate containing a 
signal line may cover the actuator by which matrix arrangement was carried out two-dimensional, and 
carrying out electrical connection of said electrode pad section and said wiring substrate through a 
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bump. According to this invention, since the signal line to each electrostrictive actuator exists outside 
the field of each electrostrictive actuator, the signal-line tooth space conventionally provided between 
actuators does not have the need, and can arrange to high density. 

[0028] Moreover, this invention is characterized by the bump consisting of jointing materials for 
corrugated fibreboard covered in the periphery section of conductive core material and this core 
material. According to this invention, since a clearance is made between a wiring substrate and an 
electrostrictive actuator mechanical component, a wiring substrate does not affect deflection deformation 
of a mechanical component. Moreover, according to this invention, generation of heat of the mechanical 
component by the drive of an electrostrictive actuator is cooled by the flow of the air of a clearance. 
[0029] Moreover, this invention is characterized by forming core material as hemispherical. According 
to this invention, electric and mechanical contact in the electrode pad section can be ensured. Moreover, 
according to this invention, breakage of the electrode pad section in a contact formation process with the 
electrode pad section can be prevented. 

[0030] Moreover, this invention is characterized by constituting the wiring substrate, including a resin 
base material at least. According to this invention, even when expansion deformation and curvature 
deformation occur in an ink jet type recording head by a temperature change etc., since rigidity is low, 
the wiring substrate of a resin base material can follow the deformation, and can prevent a bump's 
breakage. 

[003 1 ] Moreover, this invention is characterized by an actuator being an electrostrictive actuator which a 
mechanical component becomes by the piezoelectric device. Moreover, it is characterized by applying 
the sandblasting method (it explaining in full detail behind) as the manufacture approach of an 
electrostrictive actuator. According to this process, even if it is the electrostrictive actuator of 
complicated configurations, such as having two or more bridge sections, it can be processed into a 
precision in a simple short time, and the ink jet of high density can be realized by low cost. 
[0032] Moreover, this invention is characterized by arranging the dummy pattern between [ each ] 
electrostrictive actuators so that the periphery section of the electrostrictive actuator field where it comes 
to carry out two or more arrays of the electrostrictive actuator may be surrounded. Generally by the 
sandblasting method, the processing dimensional accuracy called side etching poses a problem. This is 
the phenomenon in which it is finished by a blasting abrasive grain turning also to the bottom of a mask, 
and grinding being carried out near [ the ] the edge in the film mask part prepared in the field (this 
invention each actuator) which it leaves, without carrying out grinding with sandblasting, and a 
processing dimension varies. It depends for the amount of side etching on spacing for [ which adjoins in 
more detail ] processing depending on the existence for [ adjoining ] processing. According to this 
invention, since a dummy pattern exists in the periphery of an electrostrictive actuator field, the 
periphery section and inside an electrostrictive actuator field, since the difference in the amount of side 
etching decreases, it can consider as a uniform dimension, and highly precise-ization is attained. 
Moreover, according to this invention, since a dummy pattern exists also in each perimeter of an 
electrostrictive actuator, since the difference in the amount of side etching of all electrostrictive actuators 
decreases, it can consider as a uniform dimension, and highly precise-ization is attained. 
[0033] Moreover, this invention is characterized by setting all the width of face (clearance) of the slot 
which separates the dummy pattern which adjoins an electrostrictive actuator and it as abbreviation 
identitas. According to this invention, since the amount of side etching of all electrostrictive actuators 
becomes the same, it can consider as a uniform dimension, and highly precise-ization is attained. 
[0034] Moreover, the ink jet type recording apparatus of this invention carries the ink jet type recording 
head of one of this inventions mentioned above, and is constituted. 
[0035] 

[Embodiment of the Invention] Hereafter, the gestalt of concrete operation is mentioned and it explains 
to a detail along with a drawing. 

(Gestalt of the 1st operation) Drawing 1 shows the configuration of the ink jet type recording head in the 
gestalt of operation of the 1st of this invention. Moreover, drawing 2 (a) It is the flat-surface perspective 
drawing about one electrostrictive actuator in drawing 1 . Drawing 2 (b) It is the flat-surface perspective 
drawing showing another example of the electrostrictive actuator which can be used similarly. The ink 
jet type recording head of this example is carrying out what was mostly shown in drawing 19 , and a 
similar configuration except the point that the configuration of a pressure room differs from the 
configuration of an electrostrictive actuator. The nozzle 1 to which this ink jet type recording head 
carries out the regurgitation of the ink droplet, The pressure room 2 (example of representation of the 
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pressure room which has the flat-surface configuration where an aspect ratio is equal to abbreviation 1) 
whose flat-surface configuration it is arranged corresponding to each nozzle 1, and is a square, It 
consists of the supply way 1 1 which connects the ink pool 10 which supplies ink to each pressure room 
2, and each pressure room and an ink pool, a diaphragm 4 which forms the whole surface of the pressure 
room 2, and an electrostrictive actuator 5 joined to the diaphragm 4. 

[0036] An electrostrictive actuator 5 is drawing 2 (a). It consists of the bridge section 8 which connects a 
mechanical component 6, the electrode pad section 7, and a mechanical component 6 and the electrode 
pad section 7 so that it may be shown. These mechanical components 6, the electrode pad section 7, and 
the bridge section 8 are formed in one so that it may mention later. A mechanical component 6 is a part 
which is arranged in the field equivalent to the pressure room 2, bends and deforms with a diaphragm 4 
at the time of electrical-potential-difference impression. The electrode pad section 7 is a part which is 
arranged in the field equivalent to the side attachment wall of a pressure room, and performs electrical 
connection with the source of a driving signal. The width method in the connection field section to a 
mechanical component is smaller than the width method of connection **** of said mechanical 
component, and the bridge section 8 which connects a mechanical component 6 and the electrode pad 
section 7 is formed. The individual electrode 9 for impressing driver voltage is arranged in the front face 
of an electrostrictive actuator 5. In addition, the diaphragm 4 is also playing a role of a common 
electrode. 

[0037] The detail of each part is explained about the ink jet type recording head of the gestalt of the 1st 
operation. All of four kinds of passage plates used in the gestalt of this operation are stainless steel 
(SUS). Four kinds of passage plates show a nozzle plate 21 , the supply way plate 22, the pressure room 
plate 23, and a diaphragm 4. A nozzle plate 21 is 75 micrometers in thickness, it is 30 micrometers in 
diameter, and the nozzle 1 which is pitch 1.016mm is formed. The supply way plate 22 is 25 
micrometers in thickness, and the supply way 1 1 is established in the location corresponding to a nozzle 
1 , respectively so that the free passage hole 12 with a diameter of 100 micrometers may connect the 
pressure room 2 and the ink pool 10 again. The pressure room plate 23 is 150 micrometers in thickness, 
and the pressure room 2 and the ink pool 1 0 of the square centering on the location corresponding to a 
nozzle 1 in a flat-surface configuration are prepared. The magnitude of the pressure room 2 is 
determined based on the deflection deformation of a diaphragm required in order to make the desired ink 
droplet volume breathe out. Magnitude of the pressure room 2 is set to 500micrometerx500micrometer 
in the gestalt of this operation. A diaphragm 4 is 10 micrometers in thickness. In addition, the alignment 
marker for junction alignment (not shown) is given above to four kinds of passage plates. 
[0038] The ingredient which consists of titanic- acid lead zirconate system ceramics, or the ingredient 
which consists of a common ferroelectric is used for the piezoelectric material which forms an 
electrostrictive actuator 5. Moreover, as an ingredient of the individual electrode 9, gold, silver 
palladium, or the metal that has other conductivity is used. About the configuration of an electrostrictive 
actuator 5, the field and core corresponding to a pressure room make a mechanical component the same 
square, and the magnitude is set to 460micrometerx460micrometer. Therefore, a 20-micrometer 
clearance exists between the periphery of a mechanical component, and the periphery of the field 
corresponding to a pressure room. The magnitude of the electrode pad section is determined as an area 
required for the electrical connection at the time of use. Furthermore, the bridge section which connects 
a mechanical component and the electrode pad section is prepared in the neighboring core that a 
mechanical component and the electrode pad section face each other, and the die length is set to 40 
micrometers, and it sets width of face to 100 micrometers. 

[0039] Then, actuation of the gestalt of this operation is explained. First, the ink supply unit (not shown) 
linked to the ink pool 10 is filled up with ink, and each pressure room 2 is filled up with ink by the usual 
route of an ink supply unit, an ink pool, and a pressure room. Then, if driver voltage is impressed 
between the individual electrode 9 of each electrostrictive actuator 5, and a common electrode 
(diaphragm 4), an electrostrictive actuator 5 and a diaphragm 4 will bend and deform in the field of the 
corresponding pressure room 2, and will compress the ink of the pressure interior of a room (the internal 
pressure of a pressure room is raised). And an ink droplet is breathed out from the nozzle 1 
corresponding to each pressure room. 

[0040] With the gestalt of this operation, since he is trying for a pressure room to have the flat-surface 
configuration of a square with an aspect ratio equal to abbreviation 1 , compared with the thing of the 
conventional rectangle, it has advantageous structure in respect of drive effectiveness. 
[0041] In addition to it, the electrostrictive actuator arranged in the pressure room consists of the bridge 
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section which connects a mechanical component, the electrode pad section, and a mechanical component 
and the electrode pad section, and has made width of face of the bridge section in the connection to a 
mechanical component smaller than the width of face of a mechanical component. Although constraint 
according to the electrode pad section only at only making an aspect ratio abbreviation 1 was large and it 
mentioned above that original effectiveness of the improvement in drive effectiveness could not 
demonstrate enough, since constraint by the electrode pad section at the time of a mechanical component 
bending and deforming by preparing the bridge section in this way can be reduced, the original 
improvement in drive effectiveness by the aspect ratio abbreviation 1 can be attained. 
[0042] In order to check this effectiveness, the width of face of the bridge section of the structure by the 
gestalt of this operation was changed, more than one were made as an experiment, and each deflection 
deformation was measured. Drawing 7 shows the result. An axis of abscissa is the width of face of the 
bridge section, and an axis of ordinate is deflection deformation. In addition, a with an axis-of-abscissa 
value [ of 0 micrometer ] head is structure without a bridge, and electrical connection in this case was 
performed by wirebonding of an electrode pad and a mechanical component. Moreover, an axis-of- 
abscissa value = as for the 460-micrometer head, structure, i.e., a mechanical component, and the 
electrode pad section are connected conventionally on the whole surface. It was checked that constraint 
by the electrode pad section is eased, it bends, and deformation can be conventionally enlarged rather 
than structure by preparing a bridge from this result and that it bends, so that bridge width of face is 
narrowed further, and deformation can be enlarged. When especially the width of face of the bridge 
section could carry out to below one half of the width of face of a mechanical component, most 
constraint by having used the bridge was canceled and the effectiveness of preventing the fall of 
deflection deformation has been checked. 

[0043] Although the ink jet type recording head using the electrostrictive actuator which has a 
mechanical component, the electrode pad section, and the bridge section is incidentally indicated by 
JP,1 1-78015,A, in this official report, the pressure room which has the flat-surface configuration of a 
long and slender rectangle is assumed, and the relation between a pressure room flat-surface 
configuration (aspect ratio) and drive effectiveness is not indicated. Moreover, in this official report, 
since the electrode pad section is allotted to the shorter side side of a pressure room, the effect whose 
electrode pad section restrains a mechanical component more originally hardly poses a problem. To 
these, paying attention to the effectiveness of the improvement in drive effectiveness by considering a 
pressure room flat-surface configuration as the aspect ratio abbreviation 1, this invention is the point 
which is invention which made reduction of constraint by the electrode pad section used as the proper 
technical problem in that case main technical problems, and differs from this official report. 
[0044] Moreover, with the gestalt of this operation, manufacture of the actuator of a complicated 
configuration is enabled by using the sandblasting method as the processing approach of an 
electrostrictive actuator. Then, the manufacture approach (the sandblasting method and the head 
assembly approach) of the gestalt this operation is explained below. 

[0045] As shown in drawing 6 , lap processing is first performed to a piezoelectric-material block (not 
shown), and the piezoelectric-material plate 3 1 is created. Although the thickness of the piezoelectric- 
material plate 3 1 is decided based on deflection deformation and driver voltage required for an 
electrostrictive actuator 5, it is set to 30 micrometers with the gestalt of this operation. Sputtering of the 
electrode layer 32 is carried out to those both sides to this piezoelectric-material plate 3 1 . With the 
gestalt of this operation, gold is used as an electrode material. Then, temporary immobilization of the 
piezoelectric-material plate [ finishing / sputtering ] is carried out at a stationary plate 34 through the 
adhesion firing tape 33 with the property whose adhesion is lost at the time of an elevated temperature. 
The alignment marker (not shown) for performing junction alignment with an SUS passage plate is 
given to this stationary plate. 

[0046] The film mask 35 which has photosensitivity is stuck on the piezoelectric-material plate which 
carried out temporary immobilization. With the gestalt of this operation, the urethane system film mask 
with a thickness of 50 micrometers was used. Then, only a part to leave as an electrostrictive actuator 
creates separately the exposure mask 36 which has the pattern which carries out ultraviolet-rays (UV) 
transparency, and is stuck on the above-mentioned film mask. Patterning of the exposure mask 36 is 
carried out on the basis of the alignment marker of a stationary plate. UV exposure is performed to the 
piezoelectric-material plate covered with the film mask 35 through this exposure mask 36, and it etches 
after that to it. Although what has the property that the part by which UV irradiation was carried out is 
not removed, and the other part can be removed certainly was chosen as the etching reagent, the sodium 
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carbonate was used in this example. 

[0047] The film mask 35 is covered only for a part to leave as an electrostrictive actuator 5 by the above 
process, and, as for the other part, the film mask 35 is removed according to it. Then, sandblasting 
processing is performed to this structure. In sandblasting processing, piezoelectric material of a part 
which the film mask 35 was removed and was exposed is performed to the piezoelectric material of the 
part in which grinding removal was certainly carried out, and the film mask 35 remained under 
conditions to which grinding is not carried out. It washes by removing the film mask 35 which remained 
in the front face of piezoelectric material after sandblasting processing. According to the above process, 
the structure where the electrostrictive actuator 5 which has an electrode layer 32 to both sides was stuck 
on the adhesion firing tape 33 on the stationary plate 34 is acquired. 

[0048] Then, the process which sticks this piezoelectric material on a diaphragm 4 is performed. First, 
adhesives (not shown) are applied to piezoelectric material. With the gestalt of this operation, in order to 
make a diaphragm 4 serve a double purpose as a common electrode, the adhesives which have 
conductivity are used for the adhesives to apply. After applying this, the alignment marker of a 
diaphragm 4 and a stationary plate 34 is made into positioning criteria, and superposition and 2kg [ per 
square centimeter ] pressurization are performed for an electrostrictive actuator 5 and a diaphragm 4, and 
at 200 degrees C, adhesives are stiffened and it joins. In addition, at the time of heating, the adhesion 
firing tape 33 used in order to carry out temporary immobilization of the piezo-electric material actuator 
5 and the stationary plate 34 loses the adhesion, and exfoliates easily. A diaphragm 4 is used as a 
common electrode according to the above process, an electrostrictive actuator 5 is joined with glue on it 
(patterning), and the unit matched for the free-surface side of an actuator 5 with the individual electrode 
9 is obtained. An ink jet type recording head can be obtained by joining this unit to SUS passage plate 
units other than diaphragm 4 joined with glue separately (a nozzle plate, a supply way plate, and 
pressure room plate) with glue. 

[0049] Finally, electrical connection for impressing driver voltage to each electrostrictive actuator 5 is 
performed. In the gestalt of this operation, a FPC cable (not shown) is stuck on the periphery of an ink 
jet type recording head, and the electrode terminal and individual electrode 9 of each electrostrictive 
actuator are connected by wirebonding. In this case, let the part from which a wire is dropped to the 
individual electrode 9 be the electrostrictive actuator electrode pad section. By the above manufacture 
approach, the ink jet type recording head of the gestalt of this operation is completed. 
[0050] According to the sandblasting method used by this example, even if it is the electrostrictive 
actuator of a complicated configuration like the gestalt of this operation, it becomes possible to process 
it, and still since [ simple ] it is processible into a precision in a short time, it can low-cost-ize. 
[0051] This invention is applicable also to the pressure room which has a polygon and the flat-surface 
configuration of a circle if only it is the pressure room which does not limit to a square the flat-surface 
configuration of a pressure room [ in / in this / this invention ] although the flat-surface configuration of 
a pressure room is made into the square with the gestalt of the 1st operation mentioned above, and has 
the flat-surface configuration where an aspect ratio is equal to abbreviation 1. For example, drawin g 2 
(b) Also when the flat-surface configuration of a pressure room is made into a circle so that it may be 
shown, the completely same operation and effectiveness as the case of the square mentioned above are 
acquired. In addition, by the thing [ configuration / flat-surface / mechanical component / the pressure 
room of an approximate circle form, and ] using the actuator of an approximate circle form, it shall be 
considered that the diameter of a circular mechanical component is the width method of the connection 
field section of said mechanical component in this way. 

[0052] (Gestalt of the 2nd operation) Drawing 1 0 is the flat-surface perspective drawing showing the 
correspondence location of the electrostrictive actuator configuration of an ink jet type recording head 
and pressure room concerning the gestalt of this operation. In the gestalt of this operation, it only differs 
from the 1st configuration of the gestalt of operation that the two bridge sections which connect an 
electrostrictive actuator mechanical component and the electrode pad section are allotted near the part 
corresponding to the corner (top-most vertices) of a pressure room. About the physical relationship over 
the pressure room of the point which constituted small the plane-of-union product of a mechanical 
component and the electrode pad section and a mechanical component, and the electrode pad section, it 
is the same as that of the gestalt of the 1 st operation. 

[0053] Since constraint by the electrode pad section at the time of a mechanical component bending and 
deforming also with the gestalt of this operation by making width of face of the bridge section in the 
connection to a mechanical component smaller than the width of face of a mechanical component can be 
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reduced, the improvement in drive effectiveness becomes realizable. 

[0054] In order to verify the effectiveness of the gestalt of this operation, in each structure of the gestalt 
of the 1st and the 2nd operation, it measured experimentally what kind of deflection deformation a 
mechanical component would carry out. drawing 1 1 (a) (b) the deflection of the mechanical component 
in the gestalt of each operation — a variation rate — a contour line shows an amount. It is (b) so that it 
may illustrate. Deflection deformation with it is obtained. [ the direction of the structure of the gestalt of 
this operation has many whole contour lines, namely, bigger ] concrete — the maximum deflection 
deformation - the 1st example - 0.207 micrometers it was ~ although — this example - 0.213 
micrometers it was . This result showed that the direction of this example could make small effect which 
restrains deflection deformation of a mechanical component compared with the 1st example, and the 
deflection deformation of a mechanical component was obtained still more greatly. 

[0055] That deflection deformation with the bigger gestalt of this operation was able to be obtained has a 
reason in the difference of extent of constraint of the mechanical component by the electrode pad 
section, drawing 1 1 — observing — near [ square ] the core of one side (bridge part in the gestalt of the 
1st operation), and near the both ends of one side (bridge part in the gestalt of this operation) — a 
variation rate — if an amount is measured ~ latter one — a variation rate — it turns out that an amount is a 
small part. Therefore, the effect of constraint by the way of this example which the amount of 
displacement matched for the originally small part with the bridge having added the electrode pad 
section is considered that were small and drive effectiveness became high more. 

[0056] Moreover, according to drawing 1 1 , the number of a high line — it can set in the bridge section — 
is understood that there are few gestalten of this operation compared with the gestalt of the 1st operation. 
Since the bending deformation of the bridge itself means few things, this can prevent the crack initiation 
and fatigue breaking of the bridge section. 

[0057] As mentioned above, according to the gestalt of this operation, while being able to improve drive 
effectiveness further, it becomes possible to raise the dependability over the bridge section. 
[0058] Moreover, it investigated in detail about above Wc and the relation of Wp as supplement 
investigation about the gestalt of this operation. Drawing 8 is 12 in the structure (Wp-Wc) where fixed 
Wc and Wp was changed. It is the result of bending, when an electrostrictive actuator carries out the 
location gap of the value only for delta in each of that structure for an axis of abscissa, and deformation 
investigating which changes. In addition, this axis-of-abscissa value means the clearance between a 
mechanical component and a pressure outdoor wall, and the mechanical component has overflowed the 
pressure outdoor periphery at the time of a positive value, and it means being settled inside a pressure 
outdoor periphery conversely at the time of a negative value. The amount delta of location gaps was set 
to 20 micrometers assumed by the actual production process here. From this result, by setting it as the 
field of "delta<= [ /(Wp-Wc)2 <=-delta or ] (Wp-Wc)/2, i.e., "Wp<=Wc-2 delta or W c+2 delta<=Wp"," 
as conditions for Wp showed that dispersion could be suppressed small. The place which this formula 
means shows that the support condition of a drive outside periphery can be kept constant, even if a 
location gap arises. That is, even if a location gap arises in the former, a support condition is always 
rotation free support, and on the other hand in the latter, it is always fixed support. As mentioned above, 
although deflection deformation receives big effect in that support condition, since change of the support 
condition by location gap will not occur if this condition is fulfilled, dispersion can be suppressed small. 
[0059] Furthermore, drawing 9 presupposes that Wc is fixed, and the deflection deformation when 
changing Wp is shown (when you have no location gap). This result showed that the field of "x(Wc-2 
delta) 0.9 <=Wp<=Wc-2 delta" was desirable as conditions for Wp, in order to maximize deflection 
deformation. Since a mechanical component bends since drive area will become small if a mechanical 
component is too small at one side although the one smaller than a pressure outdoor periphery bends and 
serves as a rotation free support condition advantageous to deformation, and deformation falls, the place 
which this formula means shows that the optimal range for Wp value exists. In addition, the amount 
delta of location gaps is 10 micrometers - about 30 micrometers, when the general alignment approach is 
used. In this case, it can be said that it is optimal to set up smaller 20 micrometers - about 60 
micrometers than the pressure room width of face Wc as for the width of face Wp of a mechanical 
component. 

[0060] Since it is the structure of filling this conditional expression according to the gestalt of this 
operation, since dispersion in the deflection deformation to a location gap of an electrostrictive actuator 
is small, -izing can be carried out [ highly precise ], and the deflection deformation itself can be made 
into max. 
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[0061] Moreover, it is drawing 12 (a) about an electrostrictive actuator besides the structure shown with 
the gestalt of this operation. - (d) It can also consider as structure [ like ] or the structure which 
combined them, drawing 12 (a) -(d)**** — the bridge section 8 is connected with the mechanical 
component 6 in the part near [ small ] the part of deflection deformation of a diaphragm, and the part 
distant from the core of the connection field side of a mechanical component. 

[0062] Drawing 12 (a) The one bridge section is prepared in the top-most vertices of the pressure room 2 
which has a square flat-surface configuration. Drawing 12 (b) The center section of each connection 
field side of the same pressure room 2 is avoided, and it is made for the bridge section to be located only 
in four crownings. Drawing 12 (c) The bridge section is formed in top-most vertices while making it a 
mechanical component 6 exist only in the field of the pressure room 2 substantially by sampling the part 
equivalent to the center section of each connection field side of the then same pressure room 2. Drawing 
12 (d) A edge [ in / then / the connection field section with the connection field section with the 
mechanical component 6 of the bridge section 8 and the electrode pad section 7 ] is formed in a curve. 
Also according to such each structure, constraint of the mechanical component by the electrode pad 
section becomes smaller, and can improve drive effectiveness further. Moreover, since area of the part 
(part which an electrostrictive actuator was not stuck among the fields corresponding to a pressure room, 
but the diaphragm has exposed) by which only a diaphragm is bent can be lessened even if it is the case 
where the location gap with an electrostrictive actuator and a pressure room arises, it becomes possible 
to avoid the phenomenon which the part escapes and transforms with the ink internal pressure at the time 
of a drive, and drive effectiveness loses. Moreover, drawing 12 (d) With structure [ like ], as compared 
with the case of the gestalt of the 2nd operation, stress concentration [ / near the connection part ] is 
eased, and destruction of an electrostrictive actuator can be prevented. 

[0063] (Gestalt of the 3rd operation) Drawing 13 shows the decomposition perspective view of the ink 
jet type recording head concerning the gestalt of operation of the 3rd of this invention. Moreover, 
drawing 14 shows the flat-surface perspective drawing. In this example, matrix arrangement of two or 
more pressure rooms and corresponding nozzles (nozzle unit) is carried out two-dimensional so that it 
may illustrate. In addition, the structure of a nozzle unit is the same as the 2nd example. 
[0064] as shown in drawing 13 drawing 14 , eight nozzles arranged at fixed spacing seriate in the 
direction which carries out an abbreviation rectangular cross to the scanning direction 41 of an ink jet 
type recording head arrange three trains to an abbreviation scanning direction — having --****-- each 
nozzle train — the nozzle train of the following train — said fixed spacing — every [ 3 / 1/], it shifts one 
by one in the direction of a train, and is arranged in it. 

[0065] In this array, if a nozzle is projected on a head scanning direction, the nozzle pitch will be located 
in a line with the single tier in a ** pitch 42 called one third of said fixed spacing, and the head of false 
high resolution can be realized. In addition, the same printing as the head of a single tier can be 
substantially performed by controlling the timing which makes an ink droplet breathe out for every train, 
moving a head to a scanning direction, in case it prints. 

[0066] Even if an aspect ratio uses the broad pressure room of abbreviation 1 , the nozzle configuration 
of a pitch (high resolution) narrower than the width of face is realizable in false with the gestalt of this 
operation. That is, the ink jet recording head of high drive effectiveness and high resolution becomes 
realizable. In addition, the same effectiveness was able to be acquired although the gestalt of this 
operation described only the case where a nozzle configuration was considered as the matrix array of 
8x3, and the head of poor about the same as 3 units 780 nozzles also created the matrix array of 26x10 
besides it. Besides this, various arrays can be chosen to the desired number of nozzles and a desired head 
dimension. 

[0067] (Gestalt of the 4th operation) Drawing 15 (a) And (b) The top view of the electrostrictive actuator 
of the ink jet type recording head concerning the gestalt of operation of the 4th of this invention is 
shown. Although each and the array of an electrostrictive actuator 5 are the same as the gestalt of the 3rd 
operation so that it may illustrate, the dummy pattern 5 1 is arranged between electrostrictive actuators 
with the periphery section of the electrostrictive actuator field where it comes to carry out two or more 
arrays of the electrostrictive actuator. With the gestalt of this operation, all width of face of the slot 
which separates each and the dummy pattern of an electrostrictive actuator was set to 80 micrometers. 
Other structures are the same as the gestalt of the 3rd operation. 

[0068] As mentioned above, in sandblasting processing, the amounts of side etching differ depending on 
spacing for [ adjoining ] processing, and result processing dimensions differ. However, according to this 
invention, since all electrostrictive actuators can make the amount of side etching homogeneity, they can 
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improve process tolerance. 

[0069] In order to check the effectiveness of the gestalt of this operation, the dimensional accuracy of 
each electrostrictive actuator by sandblasting processing was checked between the gestalt of the 3rd 
operation, and the gestalt of this operation. Consequently, at the gestalt (with no dummy pattern) of the 
3rd operation, it is **20 micrometers. At this example which arranged the dummy pattern, it is **5 to 
dimensional accuracy dispersion having occurred, mum It could improve to dimensional accuracy 
dispersion and the effectiveness by this invention was checked. 

[0070] (Gestalt of the 5th operation) The perspective view showing the electrical connection approach of 
the ink jet type recording head which drawing 1 6 requires for the gestalt of operation of the 5th of this 
invention, and drawing 17 are the sectional views which paid their attention to two adjoining 
electrostrictive actuators. 

[0071] 25 micrometers in thickness 12.5 micrometers in the base film 61 made from polyimide, the 
copper signal line 62, and thickness The electrode 65 for individual signals on the flexible-printed- 
wiring substrate 64 which consists of three layers of the cover layer 63 made from polyimide serves as 
arrangement corresponding to the electrode pad of an electrostrictive actuator. The bump who formed 
the pewter 67 in the front face of the core 66 which becomes this electrode for individual signals from 
copper with electrolysis plating is formed by heat-treatment. 

[0072] The electrode pad section of each electrostrictive actuator and the bump of a flexible-printed- 
wiring substrate are made to counter mutually, and heating pressure treatment is performed and it joins. 
In the gestalt of this operation, it joins electrically and mechanically on temperature 230 ** and the 
conditions which impress pressure lOOMPa for 10 seconds in the shape of a step, respectively. 
[0073] Since it is made to the configuration in which an electrical connection does not exist in a 
mechanical component according to the gestalt of this operation, while the deflection constraint by the 
electrical connection can be eliminated and drive effectiveness can be made high, it becomes possible to 
eliminate dispersion generating of the deflection deformation by the manufacture errors (a plane-of- 
composition product, location, etc.) of electrical connection. Moreover, since the electrode pad section is 
arranged on the side-attachment-wall section of a rigid high pressure room, it can be connected certainly 
[ can prevent destruction by the press to the electrode pad section in an electrical connection process, 
and ]. Therefore, it is efficient and the ink jet type recording head of high degree of accuracy and high- 
reliability can be realized. 

[0074] With the gestalt of this operation, since the signal line to each electrostrictive actuator exists 
outside the field of each electrostrictive actuator, there is no need of laying a signal line between 
actuators, and electrical connection corresponding to the ink jet type recording head of a high density 
array can be performed. 

[0075] Moreover, with the gestalt of this operation, since the bump is formed in the shape of a semi- 
sphere, electric and mechanical contact at the time of connecting with the electrode pad section of an 
electrostrictive actuator can be ensured, and the electrode pad breakage at the time of contact can be 
prevented. When electrical connection inspection of each electrostrictive actuator connected with the 
gestalt of this operation was conducted, actuators being connected [ no ] normally and having also 
generated breakage of an electrostrictive actuator was checked. 

[0076] Moreover, with the gestalt of this operation, since core material is contained in the bump and a 
clearance can be opened between a wiring substrate and an electrostrictive actuator mechanical 
component, it becomes possible to cool generation of heat at the time of a drive with the air which does 
not affect deflection deformation of a mechanical component and flows a clearance. When the driver 
voltage wave was actually inputted into each electrostrictive actuator, it checked all actuators bending 
normally and deforming. Moreover, the stable drive actuation was able to be obtained, without property 
degradation by generation of heat arising, even if it performed the prolonged continuation drive (24 
1 8kHz hours). 

[0077] Moreover, with the gestalt of this operation, since a wiring substrate follows the deformation 
even if the thermal expansion and the curvature of a head occur by a temperature change etc., since a 
wiring substrate consists of polyimide, prevention of bump breakage is attained. Although electric 
inspection was actually repeatedly performed for the temperature change on the head after 100 cycle 
****** between -20 degrees C and +40 degrees C, there was no defect generating. 
[0078] Moreover, it carried in the ink jet type recording device which shows the ink jet type recording 
head of the gestalt of each operation in part to drawing 1 8 with a fracture perspective view, and printed 
on space. This recording apparatus consists of a head, the carriage 101 which consists of ink tanks which 
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supply ink to it, the timing belt 102 which makes carriage reciprocate, a roller 104 to which the paper 
103 to print is moved, and a case 105. In case it prints, carriage is made to reciprocate to a main 
scanning direction, making coincidence transport paper in the direction of vertical scanning which 
intersects perpendicularly with a main scanning direction, by making an ink droplet breathe out 
alternatively from two or more nozzles of a head, an ink droplet is made to adhere on space and an 
alphabetic character and an image are printed. 

[0079] Although explanation of the gestalt of the 5th operation showed above the example which used 
the electrostrictive actuator as an actuator from the 1st, you may be other drive methods. For example, 
the deflection deformation by the differential thermal expansion can also be used by giving heating as a 
driving signal instead of an electrostrictive actuator using the member from which a diaphragm and 
coefficient of thermal expansion differ. Furthermore, nothing can join to a diaphragm, but an electrical 
potential difference can be impressed to the electrode surface which countered with the diaphragm and 
was formed, and the deflection deformation generated in electrostatic force can also be used. 
[0080] Although it cannot be overemphasized that various deformation is possible in the technical range 
of this invention about other parts, Wc value is 300-700 micrometers, the quality of the material of an 
actuator is the titanic-acid lead zirconate system ceramics, and a more suitable example is the structure 
where the thickness of an actuator is 15-40 micrometers. 
[0081] 

[Effect of the Invention] As explained above, according to this invention, according to it being equal to 
abbreviation 1 , the aspect ratio of the flat-surface configuration of a pressure room can obtain big 
deflection deformation compared with the former, and can realize an ink jet type recording head with 
high drive effectiveness, and an ink jet type recording device. 

[0082] Moreover, by the thing which mentioned already and for which it solves and the cross section is 
made small in the connection part of the bridge section of an actuator, and a mechanical component by 
the configuration, constraint by the electrode pad section at the time of a mechanical component bending 
and deforming can be reduced, deflection deformation can be obtained more greatly, and the still higher 
ink jet type recording head of drive effectiveness becomes realizable. 

[0083] Moreover, since according to this invention the support condition of a drive outside periphery 
does not change even if the mechanical component of an actuator shifts from a predetermined location 
somewhat to a pressure room, the variation in deflection deformation does not occur but a highly precise 
ink jet type recording head becomes realizable. Furthermore, according to this invention, since own 
bending deformation of the bridge section is small, destruction of an actuator is prevented and a reliable 
ink jet type recording head becomes realizable. Where the cross-sectional area of the bridge section is 
kept small, also by devising in the configuration, destruction of an actuator can be prevented and 
dependability can be raised. In addition, since the actuator of the ink jet type recording head by this 
invention is formed by the sandblasting method, even if it is an actuator of a complicated configuration, 
it can be processed into a precision in a simple short time, and can realize the ink jet type recording head 
of high density by low cost. 

[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
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©x >y S?ifi#-p«:vX i> ©T 1 i> 75 X h BBS*^ t> K> 

*px^i:€>^RSicft#-rso *5i«aic«kntf, 

46, JE«T^^^.x-^fUS(Di1.^g|5i;P , igf!i:T'{i-9-'< 

tltf. ffm7^^x—£<D&^<D^B A* 

5 c £ #T- # , WMMttfnre i: ft S „ 
[0 0 3 3] *fc*5BII3H\ ffST^^X-^i^n 

^TBSI^-tc^^nTi^cir^mt-rSo 

[0 0 3 4] ^BBOW >^^x>y hsSIE^g 

-s-y F^KLT^fiK^tlT^So 
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[00 3 5] 

1 ©HS£<QJ&») 0 1 ttx *fg$©lf! 1 ©JOSOffc 

£fc02(a) 0nc45tf& 100E17^fiX- 
^(CH-rS¥ffi^«0T*£S„ 0 2(b) Rltticabv 
3 d i: #T* % * WM.T 5 * ax- £ <DgiJ*ey«r^-r¥ffi 

T^5„ ccD-Tv^i/'i-y KjSiSS'vy Kti\ -O^rg 

ft. ¥ffi«##IE?3JfcT-&3E*J^2 CTX^htttf 

&J3m2\c^z/?zetf&-?2>^l/?7-;\,l Ot, SEE 

2<D-S5;£J&£LT^&gli!j«4 i;, JgiS«4K&-&2 
n/iJEWT'^^iX-^ 5 t^e>^5„ 
20 [00 3 6] ff*T^^^x-^5(i. 02(a) {cjjVT 
J: 5 icBftffi 6 , nm> < >y KS5 7 , &CflBttff 6 f: m*S 
/t-y KSP7^ig!-r57';'y->*gP8fc^P»^5„ Ctl5 

«Wfeff 3 «BS«-P* * o SSS&gP 6 i: WFi7*» 

mmm* ma-r % rcuxomsnmrn 9 masts nt^s, 

^43, Jg»«4f±«ii*^(OSflJfeSoTV>5o 
[0 0 3 7] |g 1 (Dm&<D1imO'( WJs-V hj&sm- 

xsi (sus) t$«o 4«jg©ss&:7V-h£tt, y 
X;i/7u- h 2 u W/'u- h 2 2 » eetj^Xu- 
b23, StfJgWffi 4 ^T,, yX;l/7W h 2 1 ttjp 

40 ^7 5pmffe()^ IS3 0/jmT% e-yfl. 016 

2 2(±^$ 2 5 //m-e35»3s /X;l/ 1 ICttfeT&tfLmiC 
mm 1 0 0 ft m ©JSiiTL 1 2 *V S ftffi^S 2 -< y ? 

i o ttmm-t % <t 3 1 1 ^n^n^ 
ifznx^Zo E.jim7i>- h23 itms 1 so/im-e 

iEfi&<D&t>m 2t. X-;i/ 1 0 6 nt 

50 5£2ft3„ *HSSl©^^fet-T«ff7lS2<D7^^^«r 
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500jimx50 0/imi:t5. MW}&4teB-£ 1 0 /z 

[0 0 3 8] ES7^;2.:c-#5*J&rr3ffim*m 
»c{± % **>&^3>&8a^5 = -y*Xfr6fcS*t 

s„ ffaz^^jiai-^so^tcov^T, mmmts. jo 

(Diz^ltA 60jimX46 0/imm, fi£oT, fg 
2 0 /imORiffl^#ft-rSo m«i/^y Kgg£0^:#^{±, 

I** 4 0/ira, iH£ 1 00|im tt3„ 

[0039] i&^t, ^mm<r>mmcoW]mc^rmm 

-y h (Bjjvtf-T) K-f >^£:3&«LT*5^ -O^fl* 

—5 5<EMH#MS9 fc^SSffi (tHtrtE.4) fc«DRB»OB • 
fMBtefcffHnrtSi:* E-MTZ^zi^—* 5 £MmiR4 

sns„ 

[0 0 4 0] #*SS©fl5»T*fi. ffi*jS#7'X'<* Mt 50 
[0 0 4 1] ^nttn^, EftltHHStlftfftTi' 

/h£ < LT&So fKTX^^ MtSrBS 1 £f S<D#T- 

■5 K >y ^WfcRtf S c i: lc <fc -p T» KKiffitffcfcJEt 
SJBT 5 SOii^ < -y <fc S WJR*fi« -p * * fc 

"P#5o 

[0042] £<o$]m*vt.m-?z>rzit>. *mm<Dmm\c 
n^n©fct>*^a^:i±®L?co ^©ssju^-r©** 

S7TfeSo «f*{±^y >yygp<Diti, »tS«fcfe*S« 
STfcSo &*5. SifMO /im(0'\7 ytltyv y->*tf 
JW^*Urefc»>. COi^Ct^Ili, Sgffi^-yKt 50 
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ni!)a5fcto , 7Y^#>"^-t'>yT-?Tofco %rcffimm= 

4 6 0 /imO>"N>y K£:f2;&*1g&?-&t>*,fgifrg|5£«gi 
A-y KSB^A^ST'O^-^TU^feOTfeSo 

^U-yi^SrS&ttSiLfcfcfcoT, «£3fe«ii«fc 9 

< S <r £ . £ 6 tc 7 >y 5*H*» < f S « if fc 

ff . 7" U -y s^ffli^/c c t tc «fcS«jjU*S fcA,if«?f^ 
U /-ct>*^fitOffiT^I»±t-55a^5i^T#fco 
[0 0 4 3] ^^^(C. Wm¥l 1 -7 80 1 5#4>ffi 
tc«\ S»gE&*ff/<y vmtzrv 'y->*gPir^WTSfiE 
ftT^^ii— ^*ffl«,^c-r>^^x>y F^fB©-^-y K 

=&v\ $ft^T'iili/^-y K«tt£E*£©JB2HllK: 
SH^tlTV^fci6. 7cXJ:>3«Sy<9 KffifltffiWP^ 

*-r«^»tt. l$^:^^fp c gs^*p»>s:v^o cnstc^L 

So 
So 

[0 0 4 5] 0 6»c^fJ:^tc, %-fE.mttU7uyt 
1 %Mt5„ E«W7"b- h 3 1 <D/¥2tt, JEm^ 

?fax- ? 5 \c&m%;rct>fr&Bm 3 Pmmm&*mc 

J^iiSnSA^ *HfiS<D}gffiT'tt 3 0 /imfc-TSo COD 
El^P-fS 1 IcttU ^<OMffi»i:«®M3 2£ 

te^fe-3fcite^6S^-^3 3*^U X^-y^V > 
^*(OJia«3^7'^- h«r@^«3 4 K«H3&r«„ 
C co@^«lc:(i, s U S MS&rb- h 

[0 0 4 6] fiH«LfeBE««Syi'-hO±t, myt 
em57-f;l/AYX^3 5%tet>#^So **6gc0 
iP^5 0 /zmO'i7l^^^7'i';l/A^'X^^ 

ff^^iKMai (uv) m&? zmyt-? 

X^73 6^IM^L. ±IB©7-f;bAvx^(cte!3# 
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6 ^LT7 -T ;bAvX^ 3 5 T'&SLfcjEWtm:/ U 
-hs\UVm¥tttm\ *<0'&3Lv^y>f%:fi? o x-y 

[0 0 4 7] JW±©yD-feX>C<fcoT, EEBT^^iX 
5 i: LT^L/ct^gP»0*7-i';l/AvX^ 3 5 
SI£*U ^ftfim<DgP#tt7^AvX*3 5tfl$2S£ 

n, fro. 7-fMvX^3 5#g^;TcgP#C>ffm*m 

Co o 4 8] «^t, c<DE.mttm*mm&4 icf&ott 

7 5 > h a6»*P £LTEf7^fa 
x-?5t ffiSOffi 4 £ 1 TTJ-b - 

0 2kg (Dinff *ff -=>T 200 t7?&»j¥J;&EI 
g^TS. fcfciJQfifmc. ffiSfctT^^x- 

* 5 tmm&i3 4 fc£<K@£t-src*£fBv^dtt»?s5g 
f-73 3*^<Dtt#^^v\ mmcmmztxZo jk 

±©XI§£<fcDtgg)ffi4;S:£3iWI£:U ^€>±U:EE« 
7^fax-?5 4^i^?n (M*^:/^) „ 7* 
T^o. x- * 5 © g ASBiMlCflHBnMi 9 #1S2 nfcn-x 

V^cSi&®4J-^©SUSgitK^U-hax>y b (7X 

[0 0 4 9] g&lc, ^EEmT^^iX-^S^iKiSm 
<,->Ttt. >^5?x^ hiSIBg^-y FOfl-JSfc: FPC^r 

z^^x-^tDfflsiJW&g h^y-Y-v^v-r-r 
»«*-*. c©iBfc:flwj««9fc7^+**fc-r»# 

£7?*£fc <fc 0 % ^fHfigOJg^O-i' > * S> x ^ h SOEia'N 
•y K«9&«-r*. 

[0 0 5 0] *IU660lJT'fflt^c-9-V FT^X hSUC<fcn 
tf. *Hfig©m.«<D<fc3^a»t»««Dffa7'^^^x- 
*T-fcoTt>. ini*fTdci;#Rj!ii:&»K Jet® 



(8) ^200 2-24 8 7 6 5 

/</ 

[005 1] JhMLftS 1 OHfiS©»«T*ttffi73^^ 

tl^<O i FMJg«5rIE7j»tc^1-5t»<D7?{i^<. 77 
MttfBS 1 lcmL^¥mBVi&mir%JEtimT*$ > *) 

Tfe*^B^5SfflRfftlT-fe5o mtf 0 2(b) £jjVf<k 

So 

[0052] (m2(omm<Dmm) noit *hse© 

SC^m^-y FBB^SifSTrs^U <y ^gBtf. 

[0053] ^mrnvrnmr-^ mm^<omm^ic^ 
ifzrv -y i?&<D<m*mm&<o<!3£ o t/jN? <T&zt 

Jc^-^t, «dgp*^cfe*^Jg-r5KS<om©-'^-y KSP»c 

30 [0054] *mm<DmmcD&}mttmm?z>rciibK. n 
lita), (w znztKDMmv&muctsifzmm 

W1T(±0. 2 0 7 /itn T*36ofc3b\ *HSSe<l7?{±0. 2 
1 3 /in T'^ofco C£>*SUifreK *SISS0!I<O73A^ ^ 

[0 0 5 5] ^HJgcD^cDTjA^^^rcto*^** 

<kttifi (^1 ©*fi8iO^T<D^y«y^») -m 
WWifi (*^fiE©^T©^'J-y^gi5») i:T*^Ci 

50 y^EUfc*:|yECig(DII3*^ miS^y KSU*«4nb 
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[0 0 5 6] $fc. 01 llcitltf, XU -y^SPfcfcl:) 

«^j±^t'>*v^c t^t>*^o cnayy >y 

ffllf^Jgtf^&I^C £*m&LT^%cD-V, XU -y i^gp 

[0 0 5 7] W±<DJ;5H:2|s:|IS6<D^fc < ktHJ. IBK) 
^^r^ £ tc[Sj±T*# 3 i: i: <Mc XU -y ^gBfc^f-T 

[0 0 5 83 *HSg<D^Kga^5ffiJSPSi: L- 
T. ButBCWc, WpcDM^lcoi^TplXii^fco 08 

V>3o CCTfflifniili, HB5<D»igI@T'S^^ 20 
tl5 2 0(imi:Uc. COifgS**?, WpO^#i:LT 
T(Wp -Wc)/2 ^-5$/ctt(5^(Wp -Wc)/2J 
-£ rWp<Wc-2 <5$fc«W c +2 (J^Wpj (DffimcWife 

A^o/fco C<DS<0*«-TSi:C5tt. {iB-fftA^DT 

S. -T^^S, BU#T*«ffiB^nA^CTt,^»cX^ 

[0 0 5 9] ££fC09{;i\ Wcti— StU Wp*^ft£ 

2>fz#>KlZ, WpcD-&#£LT r (Wc-2 6) X0.9 ^Wp 
^Wc-2 6 J LC^Ci:A^Jo/co C©5£<£> 

fr&&mms.T?z>c wpiiicagjg&sBBtf}? 

4gWc<fc 0 fc20/i m~60/i mgg/Jv£ < W&tZ><Di*mM 
[0 0 6 0] **Sgtomffifc<};tl^ CO^fr^SSft 

-r«iiT*fe§o-t?, ffie:r*5^x-*(DffiB-rttictt 
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[0061] zrz. *nm(D&mT'*i,rzMm&.9Uc 

mz.l£&WT*1-3LX-~5i*mi 2(a) ~(d) GD,k 
-So 01 2(a) ~(d) T'fi, ^U-y>*gP8A^»ffi(D/c 

[0 0 6 2] 0 1 2 (a) 1 ocDXU -y-J^JE^ 

•So 0 1 2(b) {±l^«l<0ff^2O§gi^ffl«2!C>** 
SBSrigtfT, 40(D]IgPO*tcyu-yv ? gPA^B-ri)=t 
5fcLXcfc©T-&5„ 01 2(c) TH£. |B|«(Dff^2 

fc «fc o TSEftSP 6 UlStfttcffi^S 2 ©ffiisSrt<D*tC# 
SE-T 5 J; o \c T Z> 1 1 t> lc K£ fc X 'J -y ->'SP& L T 

v^o 01 2(d) T-(i, yvy^8<Dmm^6t<om 

^a5^ft*g*C^Lfc i E>(0T*a&i.o C<DJ:5^#fll3ft»c 

Jsi6So*A<fct>trgi55)- (.s.tjmictim-r^m^.<D 
xwammt n x l t t $ 5 «^&>8 # s c t *>tpjtg ^ 

^•5o $fc. 01 2(d) <D£o&mmtei-Z££lc&^ 

12 <D$m<»&m<Dm&£im vrmmm^mc 
[0063] d3 <omm<D&M) 013a, ^m<o 

»^0^LT^5. S:fe@l 4 {i^-<D s FMMia0 
^LTV^o *HSSWT*tt. 0^-TSJ:3^1S^O5£E 

vhu^xees-rso yx;i/^(ao«)tai2 0[) 

[0064] 01 301 4lC^-r<fc^tC, -YV^^x-y 

73i^fi:35tJiaB^nTfet), ffl^coyXyi/?ijt±, ^jod 
y X;l-5tJA^Buf2— ^P^SI© 1 / 3 •f-o?mfaicM9rf h 
LTBHfi^tiTt/^o 

[0 0 6 5] C«Sa?ljr'«. yX)V^y YfBZJsfatc 
ms,?til£yX/l¥ -y^A^HuE-SHPl© 1 / 3 tV^o 
^tT-y^4 2T— WKift^^SClfcK:*?), S(KW% 
^^SO'N-y K#H§iT'£5„ ftfeWW&fr^Bfc 
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[0066] *nm<D&mic& k>. htt^m 1 

% 8 x 3 ©-=? hV 5 XWM i: Vfcm^c c><^T©#fEj£ 
bfctf. ^nW^tc 626X10 ©Thy * Xffijijfc 3 
>y f-i^ft 7 8 0 SXiW^y Ktf^JsELfcA^ /o 

[0 0 6 7] (Jg4©H$g©Jfcffi) 0 1 5 (a) *5«fctf 
(b) *«IB©»4©SI*fl!>«»C«S^>*^xy 

*©^jb» 3 ©^©ratttra— eit^ 

^ a x- # tf^SEFJ £ ftTfc 5 E * a X- 
tfOfl-JHSPi:* BEBT^nX-*©^©!^^ — 20 

>5 1 fc*E»SftTV*. #*flfi©Jfc8gt?W\ BE 
«T * f- x— £ ©&>«? t #5. V^PIT 5 jf© 

fi*^T 8 0 /imi: bfc„ ^©ffiO^iitt^ 3 ©^IS£© 

[0 0 6 8] t5^LfcJ;-5^ tVK777hi0lT*tt 
(Cfctlfx*. 4TOE17^f ai-^lilf-l' Kxyf > 

[0 0 6 9] *mffi(D&m<o%)3k%:mm-tz>rctb. M3 
/to sg3©infi£©jB><fi «r5-><*->* 

b) Tte±20/im (Orfffiiftftlf P>0^*^^bTV^fc<D 
KWU ^ = -A*->£E^bfc*ll$s0IJT-«±5 /i 

[0070] (M5(D$m<omf£) m 1 6i±. #fgtE© 
m 5 <dhse<o^ic^s w ^->'iyi- izmm^ v k© 

[0 0 7 1] »S25/im ©'^^KSh^-X^WVhA 
6K •HHcB^W^e 2. J»^12.5/tm ©tf'J-CS 

KS*^-i6 303l*e.457^->7;l/7)J>h 
BE^SS 6 4 ±©fflS'J<I^MS@ 6 5 tt, jEmr * ^x 
3L—-$t<DmW<y Ktc^jSLfcEBt^-pTu^o C© 

ffls'j^flimstc. ^*>e>;5:S37'6 6<Dmm^nm^ 

fScbT:}3<. 50 
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[0 0 7 2] &flEm7*?-xX-#©m*I^-y KSPfc. 

fix J&S230 t> ff^jlOOMPa^^n^tlX^^y^clO 

[0 0 7 3] **ss<D0^c«kn{f> ffifftSSKttBfiaR 
^tf#£bfttvfgj$fc-e#3©T% mS0&B!g!5fc:<fc& 
fcto*16l*%S^b, igK^^rS < f 5 C i: #T-# £ 
fclWSfc* BMlgig?©§l!ii§IM 0&&B»*ttB^) t 

fcS„ Sfc, KSBfi. IBtteDaSv»£E*ao«» 

®&>W h*^©?PEBcJ;.5®@;&B&ii:T-^ frosts 

So 

[0 0 7 4] **SS(DJBffiT*{±, §E17i-^aX-ji 
[0 0 7 5] $fc*HSS©^T*a. y^vy^^fc 

[0 0 7 6] S/-c**SS©0ffi-e«, AV^fC37«^ 
AtjTV^^fcJiffiiSISffifcBEST^^xx-^lgSigiSi: 

tc ± 0 mm<D5m*ttsi-rz c t pj#g t * s . his 

t^JEBT 9 =9- a x- ^ KI&f&aEE&fl^ b fc i: C 
5. ^T^T^^^x-^^lE^c/cto^^-rsci: 
^SiMbfCo */Cs SB$F.g<DSg!gMS (18kHz ©24B# 

[0 0 7 7] $f=*«£©^T(±, SESSS«AVi?'J-r 

2O"c^e.+ 4 0x;coHT*g80jibjai[g{t*i oot 

[0 0 7 8] $fc. S-HJfi<D^«0^>^^x-y h^MS. 
frN^K*. 01 8 (C-gPM^MST-^-ri' >^ 
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1 0 3£r»jfr-f =y 1 0 4 ffiffcl 0 5 i:fr£>& 

[0 0 7 9] JMJbSB 1 *»6Sg5 ©SIMl0*JR0RWe 

ffS7<7^x-*©ftfe!?K. «MKfcMUKa#®ll 
g^l^cjcSftto^fl^fflt^-Sc 5,, MIC 

[0080] ^(om<D%ift\c-o\,^Tii. &$m<D&wm 
wtc&^TmGvm&tmmv&zc tarn 5 

Vfc^ -fcOSKSftflWi. Wcffi#3 0 0—7 0 0 iimt'S 
757^XT'SD> TZ?-3.3L—9<OBl£lfi \ 5-4 0 
[008 1] 

BEtimcowmmVzVT 7*^5 htbWBg l icf Luetic 

[0 0 8 2] SEJ6bfcc:t#«*fcJ:»)7 , ^^a 

K«fcJ:*JfclMHK*U fc*>*Sag«* J: 

S^y KSmq|l6l:4:«. 
[0 0 8 3] #5SW!K**Uf» 7*?-aX— 

■mnKEEAtttcM t rmftfitB^ s^tnt ton 
xwaoy >*37xy hjsxm^v 

*^^oriii: ft 5„ 7" U -y S^M) WflB«*/hS < It 

So A0*.T, #3ilBK«fcS^>*^x.y hsSIEfi^'y K 
nsfc*. ^&^tt©7^a.x-£-p&c>Tfe, ffi 
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[ESoiS^ftBiB^] 

[0 1 ] *^Ofg 1 ©§lfig©J£fgk:«5-Y>^>-x -y 

mzi (a) , (w it. *&m<om i <Dmm<D&mic<% 

5-f>^^i7 F5£l2g^«y K£)ffS7**-.3.x-*$5 
<fc a'fE^SO^FS^^T-fe 5„ 
[0 3] S-a^M^fc^ttSTX^^ hit^^lfc 

/0 [0 4] PS!-M«T-7X^ MttfUfc&'N-y K«BS»c 

[0 5] 0 4tc*5V>T. Wm.~75=f-^3-— #lcmm><iy 
BJ§0T'&£„ 

[06] *wft<Dm\<Dmm<DmmKmz>KMT'7 : ?--L 

[0 7] *^(D^lfiDHfig(D)g^^5«it^J;r>\ 
X'J >y > ? g|l©i|i^Sft51gSt©'l'>^^x >y hiSKfi^ 

[09] ff*S©¥ffi?g«0«— fg»lgt5cD¥ffi^ 
:)3 S iM^rWp^rgft # <D (Wp-Wc) /2<J9fiitc 

[01 0] *^£D^2cOHfi£cO»ffifC^S-i'>^v ; i 
•y hsSIES'N-y KtDJE^7^?-3.3i— ^fcJctfflE?^© 
50 J FS^0T-*5o 

[011] *5£W<Dm 1 £>ftS&©J£figi:fg 2 cDmm<DB 

[01 2] (a).(b),(c).(d) ^^^1*^.35^2 

[01 3] *^£0^3 0HJ£com^C#S-<>^7v7 x 

•y h5£i^N>y v<DftMnmmT'$>% 0 

[014] *¥£W<Dm 3 <O^fiS05»H8tc^ S f ><7 ->* x 
40 -y h^fB^-y K£D¥ffi2l^0T'$.So 

[015] (a) . (b) It, *%W<Dm4(DmMcD&mic 
I5^y^->'i7 l^fSe'vy K<D£E«7^^o.x-^ 
£0^0X^50 

[01 6] *5tm<Dm5<Dnm<o&m\z&z>-<>'7V3 i 

•y h^fgSS-N-y K©«SS^a«r^-r^l0T^S o 
[017] *¥ZW<Dm5<Dnfe<D1&MKl3^T. KSt" 

S 2OC0jEli7^^z l x- ; SHcge L/c»Tffi0T-fe§ o 
[018] *%W^y^i;i7 fi£fe§^-y K%JSK 

L/t^>^->*x-y h^ie^so— gij^^-r-gRg^ 

50 *Jt0T?&5,, 
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5 1 
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